MUSICAL TH EO R Y IN THE EARLY PH ILO SO PH ICAL T R A N S A C T IO N S
T N the Rede Lecture which he delivered in 1878 Clerk Maxwell wrote : X ' The special educational value of this combined study o f music and acoustics is that more than almost any other study it involves a continual appeal to what we must observe for ourselves.' It had been the defect o f musical theory in the preceding century or more that it had continually failed to make this appeal. If, however, we go to earlier days still, to the sixteenth and seventeenth centuries, before Rameau (1683 Rameau ( -1764 ' discovered ' the so-called chord of nature in the harmonic overtones o f a musical note, we find a different story. True, we find the curious-minded speculating, as the Pythagoreans had done, about the fundamental nature of music ; but we do not find them laying down the law for composers, as the English neo-Pythagoreans attempted to do in the nineteenth century. From this point of view, as well as from that o f the history o f acoustics, some of the early papers in the Philosophical Transactions are as significant as they are interesting. Two of these papers appear, at first sight, to be primarily scientific. Their importance in the history of musical theory will emerge later in this paper. The announcement of the laws which relate the fundamental vibration of a string to its length, mass, and tension was made almost simultaneously by Mersenne, in his Harmonie Universelle (1636) , and by Galileo, in his Two New Sciences (1638) . Standard books of reference generally attribute to Sauveur, Memoires de V Academie Royale des Sciences, P credit of announcing the simultaneous vibrations of the string as a whole, two halves, three thirds, and so on, which correspond to the harmonics in its note. This attribution does less than justice to the part played by this country and the Royal Society in bridging the gap of sixty-five years between Mersenne and Sauveur.
The first paper on musical acoustics in the Philosophical Transactions was communicated to the Society in 1677 by Dr Wallis, one o f the original Fellows. Wallis, a Fellow of Queen's College, Cambridge, was appointed Savilian Professor o f Geometry in the University o f Oxford in 1649, ten years before Henry Purcell was born. He died in 1703, eight years after Purcell's death. The title of his paper was ' On the Trembling of Consonant Strings, a new Musical Discovery.' Wallis begins by reminding us that sympathetic vibration at a unison [resonance] has been long since observed.' Galileo had, in fact, discussed it in some detail in his Two New Sciences. Wallis goes on to describe a new musical discovery, first made three years earlier by Mr William Noble, a Master of Arts of Merton College, concerning sympathetic vibrations in strings which were not in unison. First, he takes two strings, lying together and tuned an octave apart. W hen the one which gives the higher note is sounded it excites the same note in the other string, which is found to be vibrating in two halves, for a paper rider at its mid-point is motionless. He then takes two strings tuned a twelfth apart. Sounding the one which gives the higher note he finds the other sounding in unison with it and vibrating in thirds, with two places (which we should call nodes) at which a paper rider is motionless. He makes similar trial with other sections.
These observations preceded by nearly a quarter of a century those of a similar nature recorded by Sauveur. They appear to be the first clear presentation of evidence of the possibility of the sectional vibration of a string. They are a definite step towards the understanding of harmonic overtones which, as Helmholtz pointed out, belong essentially to pure auditory sensation. It is apparent that Mersenne had not been aware that a string emitting a musical note vibrates simultaneously as a whole, two halves, three thirds, and so on. It is therefore the more significant that his sensitive ear had enabled him to detect at least five sounds in the note of a string ; the note proper, and its octave, twelfth, fifteenth, and seven teenth. He reminds us that Aristotle had discovered the octave sound. Musical theorists of the sixteenth century appear to have sensed the over tone structure of a musical note. Sir Donald Tovey writes, in his article on ' Harmony ' in the 14th edition of the Encyclopaedia Britannica (an article which is a mine of information), ' the theorists o f the sixteenth century shrewdly regarded the major triad as really a chord of six notes . . . which they called the S e s t i n a. ' These six notes, as represented by on the musical stave, were the same as the five sounds Mersenne detected in the following century, plus the octave of his third sound, i.e. the sixth harmonic. It is often difficult to trace with certainty, from the written record, the gradual development of a new idea in men's minds. But it cannot be doubted that the existence of what we now call harmonic overtones was the unaided discovery of the human ear.
The second paper is of considerable historical importance. It was communicated in 1692 by Francis Robartes, who had been admitted Fellow of the Society in 1673. It was entitled ' On the Defects and the Musical Notes of the Trumpet, and Trumpet Marine.' The trumpet discussed had obviously no keys, and its tube would be straight like that o f Bach's trumpet. The notes would therefore be similar to those of the modern cavalry trumpet. The description o f the trumpet marine shows that it was a monochord whose notes were excited by bowing, and selected by touching, not stopping, the string at points which divide it into aliquot parts. Robartes begins with the observation that though the trumpet ' has a large compass, the greater part of the intermediate notes are wanting, and some o f them imperfect. The extent of this instrument cannot be strictly determined ; it reaches as high as the strength of the breath can force it.' The author exhibits the observed notes, sixteen in number, on a musical stave ; and they are the familiar harmonics as we know them to-day. Over the n t h note he marked s to show that the note on the stave needed sharpening to represent the corresponding trumpet notes. Similarly he sets f over the 7th, 13 th, and 14th notes to show that they require flattening for the same purpose. He continues : ' Here we make two enquiries. 1. Whence it is, that the trumpet will perform no other notes in that compass besides those in the table, which are usually called by musicians trumpet notes. 2. W hat is the reason that the 7th, n th , 13th, and 14th notes, are out of tune, and the others exactly in tune ? In this matter we may receive some light from the trumpet marine.' The author proceeds to examine the corresponding notes o f the trumpet marine in the light of the familiar ' trembling of consonant strings ' which Wallis had discussed, fifteen years earlier. It is interesting to note that at this point he refers to the ' synchronous ' vibrations excited, showing that he was thinking of their periods as well as of the corresponding lengths o f string, which would have the same ' proportions.' But his calculations are made in terms, not of periods, but of the lengths o f the vibrating sections of the string required to give the ' trumpet notes ' he was con sidering. In this way he demonstrates why the intervals which we should call the harmonic seventh, eleventh, thirteenth, and fourteenth, ' are out o f tune [i.e. not intervals of the musical gamut], and the rest exactly in tune. ' ' Now to apply this to the trumpet, where the notes are produced only by the different force of the breath ; it is reasonable to imagine that the strongest blast raises the sound by breaking the air within the tube into the shortest vibrations, but that no musical sound will arise unless they are suited to some aliquot part, and so by reduplication exactly measure out the whole length of the instrument.' And he concludes : 'As a corollary to this discourse, we may observe that the distances of the trumpet notes, ascending continually, decreased in proportion of t i i t i in infinitum.' W e recognize here a harmonic series and the relative periods of the vibrations corresponding to the first five harmonics of a musical note.
It is evident that Robartes, following Wallis, had anticipated most of Sauveur's work on harmonics. The trumpet notes were the same as the notes which a violinist, to-day, calls harmonics and produces by touching the string at the right spot. And since the ' overtones,' to use the modern term, in a musical note had already been detected by the sensitive ears o f musicians, it was a natural step to relate the two and conclude that the sectional vibrations were taking place simultaneously. Sauveur s con clusions seem to have been, essentially, a matter of inference. That inference, originating in Robartes's time or earlier, gradually grew into certainty when the complete nature of the vibration of a string was demonstrated, as it was, for example, by Thomas Young in his paper ' Outlines of Experiments and Inquiries respecting Sound and Light ' (Phil. Trans., 1800). It is interesting to find Young writing in this paper : ' An observation by Dr Wallis seems to have passed unnoticed by later writers on harmonics. If the string of a violin be struck in the middle, or at any other aliquot part, it will give either no sound at all or a very obscure one. This is true, not of inflection, but of the motion communi cated by a bow.' The reference is to a passage in Wallis's paper of 1677.
One of the troubles about nineteenth-century musical theory in England was that it looked at music with blinkers which limited vision to the period from Handel to Beethoven. The significance of Robartes's paper for the history of musical theory becomes evident if we go back earlier still, to a period, not visible between these blinkers, when our national genius for choral music found expression in Tudor times. In Queen Elizabeth's reign the musical output of this country was of the first rank, and we possessed at least half a dozen composers of quite outstanding attainment. One oF the most interesting figures in the musical world of that time was Thomas Morley, a famous madrigalist who also wrote a technical treatise, A and Easie Introduction to Practicall Musicke (1597), which makes as lively reading to-day as W alton's Compleat Angler. Morley's work, which we used to read about but which few of us saw, has now been made available, as a reprint, by the Shakespeare Association (Facsimile No. 14). The first lesson in the book is on the gamut or scale, and it is illustrated by a diagram which is here reproduced with the kind permission of the Association. (Figure i) . One reason for doing so is that this diagram will enable the reader to follow the musical nomenclature o f two other papers of Wallis's, still to be mentioned.
For our immediate purpose the interest of this diagram o f the musical scale is its hexachordal basis. It is built on a series o f six ' notes ' to which the names ut, re, mi, fa, sol, la are given. These notes determine intervals relations with a tonic or key note. At first sight these names suggest those made familiar to us by tonic sol-fa. But that their practical use was quite different is made evident by exercises in reading plainsong, which appear This digression into still earlier history will serve to indicate the difference between the musical theorist of the sixteenth and seventeenth centuries and the neo-Pythagorean of the nineteenth century who derived his harmony from the ' chord of nature ' and found in the harmonic series, that is in number, the explanation of scales and key. There is an interesting passage, which illustrates this in the Annotations added by Morley to his book as an Appendix. ' Musicke,' he writes, ' is either speculative or practicall. Speculative is that kinde of musicke which by Mathematical helpes, seeketh out the causes, properties, and natures of soundes by themselves, and compared with others proceeding no further, but content with the onlie contemplation of the Art. Practical is that which teacheth al that may be known in songs, eyther for the understanding o f other men's, or making of one's own.' Had the English neo-Pythagorean been ready, in Clerk 
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Helmholtz's Tonempfindungen which tells them that what the neo-Pytha gorean left out of the picture was the ear, for his enquiries had ceased when the acoustical stimulus reached the tympanum.
Which brings us to another paper, communicated to the Royal Society by Dr Wallis in 1698, under the title ' On the Imperfections in an Organ.' Here are five quotations:
' There were among the ancient Greeks, two of the most considerable sects of musicians : the Aristoxenians, and the Pythagoreans. They both agree thus far ; that Diatesseron [a fourth] and Diapente [a fifth] do together make up Diapason [an octave] : . . . and the difference o f these two, viz. : of a fourth and a fifth, they agreed to call a tone ; which is now called a whole note.' ' Now, in order to this, Aristozenus and his followers took that [i.e. difference] of a fourth, as a known interval, by the judgment o f the ear ; and, that of a fifth, likewise ; and consequently, that o f an octave, as the aggregate of both ; and that o f a tone, as the difference o f those two.
And this o f a tone, as a known interval, they took as a common measure, by which they estimated other intervals.' ' Pythagoras, and those who follow him, not taking the ear alone to be a competent judge in a case so nice, chose to distinguish these, not by intervals, but by proportions.' ' The two eminent sects among the ancients, the Aristoxenian and the Pythagorean, differ much in the same way as the language o f our ordinary practical musicians, and that of those who treat of it in a more speculative way.' ' And though our present gamut takes no notice o f this little diversity, yet, in vocal music, the ear directs the voice to a more just proportion.'
The distinction between the ordinary practical musician and those who treat of music in a more speculative way echoes Thomas Morley's pro nouncement. It would have appealed to Helmholtz when he wrote, ' W e must distinguish carefully between composers and theoreticians ischen T h eo retikern ]. Neither the Greeks nor the great musical composers of the sixteenth and seventeenth centuries were people to be blinded by a theory which their ears could upset.' The last o f the quotations from Wallis's paper, given above, is particularly significant. It is of a piece with the emphasis which, in his Beauty of Tone in String Playing (1938) Lionel Tertis lays on the most concentrated listening as a means to playing perfectly in tune.
Wallis's paper is concerned with the difficulty of tuning a keyboard instrument with its limited number of notes, all of rigidly fixed intonation. He illustrates this difficulty by the need to permit o f modulation. This is by no means the only difficulty. To permit of true concords on various notes of the scale it is necessary to exchange a minor tone for a major tone, and vice versa, on occasion. In an earlier paper which Wallis also communicated in 1698, * On the division of the Monochord, or Section of the Musical Canon,' there is a passage which bears on this. Its meaning will be clear from Morley's diagram of the gamut. In the course of this paper Wallis divides the ditone, or greater third, as fa, la (in fa, sol, la), whose ratio he takes as 5 to 4, into the greater tone 9 to 8 and the lesser tone 10 to 9. ' But whether fa, sol, shall be made the lesser, as 10 to 9, and sol, la the greater as 9 to 8 ; or this the lesser, as 10 to 9 and that the greater, as 9 to 8, or sometimes this and sometimes that, as there is occasion, to avoid what is called a schism is somewhat indifferent.' This reference to a schism shows that Wallis was thinking of ' speculative musicke ' rather than of the contrapuntal technique of the ordinary practical musician which, as Stanford teaches in his Musical Composition, requires mutable notes in ' the pure scale ' of sixteenth-century polyphony. But the last of our quotations from Wallis's later paper shows that he accepted the ear as the final judge.
Throughout these papers there run two ideas which are as true to-day as they were in the sixteenth and seventeenth centuries. The one is that the gamut or scale-system is built up, not of tonic relations which never entered into the picture, but of musical intervals. The other, which follows from the practice of relating ' proportions ' to the lengths of vibrating strings, is that the arithmetical relationship of different vibrations is con cerned, not with musical scales, but with tunings. The problem of tuning is essentially one of physical acoustics, for it depends on beats. It was because the neo-Pythagorean of the nineteenth century lost sight of both these musical truths that he wrought such mischief in musical theory.
It may appear curious that, with its roots firmly planted as they were in Morley's day and Wallis's, the subsequent growth of musical theory in this country should have been so deformed. For this, there were three good reasons. First, Purcell did not live to found a school. (His early death took place, as we have seen, while Wallis was Professor at Oxford.) Otherwise, as Hadow observes in his English Music, we might have con tinued to rival in unbroken succession the music of the continental nations. Fate which has robbed us of this has set him at the close of a dynasty.' The times indeed were unpropitious. In the eighteenth century the art ' sank to the lowest nadir that has ever been touched by English music.' ' No longer were the part-books " set out after supper : " their places were taken by the card-table and the punch-bowl. . . . Music, which had once been a native art sank to the level of a fashionable entertainment in which foreign composers gave opportunities of display to foreign virtuosi, and an uncomprehending public received the performance w ith alternations of total disregard and misplaced enthusiasm.' One o f the most exciting musical events o f the twentieth century, in this country, has been the rediscovery, thanks to the devoted services o f a small band o f scholars, of the music of the Tudor period. W ithout musical scholarship to guide them nineteenth-century theorists could hardly fail to go astray.
The second reason was the assumption, natural enough in the eighteenth and early nineteenth century, that what we hear corresponds exactly to the vibrations in the air. In the search, in nature, for an explanation o f music it was enough to assume that the ear, somehow, became aware o f the musical intervals in the notes o f the harmonic series. The ' chord o f nature,' found in these notes, was sustained by the claims o f the obvious. It rested on what, to-day, are obviously fallacies.
The third reason was that science, as Wallis and Robartes knew it, had still to find the answer to the riddle propounded by Pythagoras more than two thousand years before : W hy is consonance determined by the ratios of small whole numbers ? In the Rede Lecture from which we quoted at the beginning o f this paper, Clerk Maxwell discusses the work o f Helmholtz who was the first to provide a comprehensive answer to this question. Maxwell pays tribute to Helmholtz for ' having effected for himself a passage across that untrodden wild between acoustics and music-that Serbonian bog where whole armies o f scientific musicians and musical men of science have sunk without filling it up.' The reason this fate befell so many is that they tried to cross the bog from the wrong side. As Helmholtz observes, the scientific basis o f musical theory is to be found in the physiological and psychological sections o f the theory o f hearing. And as Tovey tells us, ' the art of harmony perishes under a discipline that separates its details from counterpoint and its larger issues from form.' The misconceptions of the nineteenth-century neo-Pytha goreans have a way of reappearing, to-day, in the most unexpected places. W hen they do so, one could wish that the writers concerned might have the opportunity of a course of instruction from Thomas Morley and John Wallis.
In 
